Abstract. Telepathology (TP) is the practice of evaluating pathology cases by the digital transmission of diagnostic slides as either static pictures (static TP) or by a continuous flow of pictures from a robotic microscopy (dynamic TP). The diagnostic efficacy of dynamic TP-based consultation services has not been widely tested. Dysplasia arising in association with chronic ulcerative colitis (CUC) is, at present, the most important marker for an increased risk of malignancy in patients with this disease. However, the diagnosis of dysplasia suffers from a significant degree of intra-and interobserver variability which usually necessitates a second opinion prior to definitive treatment. Thus, it is often necessary to obtain expert consultation of potential dysplasia cases by dedicated gastrointestinal pathologists. The aim of this study was to evaluate the utility and interobserver variability of diagnosing dysplasia in CUC with the use of dynamic TP. Dynamic TP was used to evaluate digitalized images of 38 CUC cases with areas considered negative, indefinite, or positive for dysplasia (low or high grade) independently by seven pathologists. Subsequently, all cases were graded by each of the pathologists by light microscopic examination of the H&E-stained glass slides. The degree of intra-and interobserver variability was determined by Kappa statistics. Overall, there was a poor degree of interobserver agreement (K=0.32) among the seven pathologists after analysis of the cases by dynamic TP. The poorest level of agreement was in the indefinite and lowgrade dysplasia categories, whereas the highest level was in the negative and high-grade dysplasia categories. Grouping together several diagnostic categories (for instance: Indefinite and low, or low-and high-grade dysplasia) had no significant effect on the level of agreement. The degree of variability in interpretation of cases by microscopic slide analysis was similar (K=0.35). After reviewing all the cases by microscopic analysis of the glass slides, the diagnosis was changed in 51% of the observations; in the majority of these (61%), the grade of dysplasia was decreased. In summary, the use of dynamic TP for consultation in CUC-associated dysplasia has a poor level of interobserver agreement, but does not differ significantly from that obtained by the evaluation of the cases by microscopic slide analysis. Diagnoses rendered by dynamic TP tend to be of a higher grade compared to that obtained by microscopic slide analysis. Thus, although dynamic TP may be used for the consultation of CUC dysplasia cases, more specific criteria are needed in the general categorization of dysplasia in CUC.
Introduction
Telepathology (TP) is the process of evaluating pathology cases by digitally transmitted pictures on a computerized display screen (1) (2) (3) . There are two main types of TP: Static (stationary) and dynamic (robotic). Whereas static image TP involves the transmission of still pictures from one pathologist to another at a remote site, dynamic TP incorporates the ability of the receiving pathologists to have real-time interaction simply by controlling the movement of the pathology slide in the microscopic state. The main advantage of the robotic units is that real-time interaction is possible and decreases the likelihood of missing important elements on the pathology slides (1) .
Several studies have evaluated the diagnostic accuracy of static, dynamic and various hybrid forms of TP (1) (2) (3) (4) (5) (6) (7) (8) . In many of these studies, the efficacy of evaluating cases by digital images proved to be quite reliable. For instance, some studies have shown that TP can be applied successfully to intraoperative consultation services (7, 9) . Nevertheless, diagnostic difficulties and discrepancies are encountered more often when evaluating pathological entities in diagnostically difficult areas of pathology. This applies, in particular, to areas of pathology where diagnoses are based ONCOLOGY REPORTS 16: 1123 -1129 , 2006 Variability in the diagnosis of dysplasia in ulcerative colitis by dynamic telepathology ROBERT For instance, dysplasia that arises in association with chronic ulcerative colitis (CUC) is the most important marker for an increased risk of malignancy in this condition, and is critical in guiding patient management (10) . Since histological distinction between the various categories of dysplasia is often subtle, and suffers from a significant degree of intraand interobserver variability (11) , it is usually necessary to obtain confirmation of the diagnosis prior to treatment (10) (11) (12) (13) . In fact, the American College of Gastroenterology recommends that at least one experienced gastrointestinal (GI) pathologist should confirm any potential diagnosis of dysplasia in CUC prior to definitive treatment. This is often difficult since most general practice institutions do not have a dedicated GI pathologist.
We have previously shown in a static TP study of dysplasia in CUC that the diagnostic efficacy is similar to that found in microscopic slide analysis but that static TP suffers from limitations due to the bias of field selections, the quality of still pictures, and the inability to visualize surrounding non-lesional tissue. Therefore, we performed this study to determine whether dynamic (robotic) TP has a higher level of interobserver agreement with regard to diagnosing dysplasia in CUC, since this method of analyzing tissue has been reported to decrease the prevalence of these previously mentioned technical limitations.
Materials and methods
Analysis of digitalized images. Seven pathologists with special interest in TP, were involved in this study. One of these pathologists is a dedicated GI pathologist, the others have expertise in different areas of surgical pathology other than GI pathology. In total, 38 cases of CUC-related dysplasia (low and high grade) or cases considered 'negative' or 'indefinite for dysplasia' were retrieved from archival mucosal biopsy pathology material and used for this study. The initial 'working' diagnosis was rendered by another GI pathologist, who served as the reference pathologist, by analysis of the glass slides, using previously published criteria (11) . This reference pathologist established a diagnosis of negative for dysplasia in 11 cases, indefinite in 5, low-grade dysplasia (LGD) in 12 and high-grade dysplasia (HGD) in 10 cases. Each of the reviewing pathologists were then asked to evaluate all the cases separately with the use of a TP instrument by using a remote control for moving, focusing and changing the digital picture on the computer screen in order to render a dysplasia grade. The Apollo Telepath system (Apollo Telemedicine, Falls Church, VA, USA) was used. This is a dynamic TP system based on a Sony 3CCD camera (Sony, Cologne, Germany) and online data transmission via a glass fibre network and a cooperative project TP system between Nikon and ZEM (ZEM Technology, Hoogblokland, The Netherlands). Each pathologist was also asked to comment on the difficulties encountered during the analysis of the digitalized images using this dynamic TP process. All the results, and comments, were submitted to the reference pathologist for statistical analysis.
Analysis of microscopic slides. In the second part of the study, that was performed at least 3 months after completion of the digital evaluation of the slides, all glass slides were renumbered and an additional 12 colonic mucosal biopsies of similar diagnostic categories were added to the study set to avoid recall bias. Each of the seven reviewing pathologists were then asked to re-evaluate all the cases (total: 50) by light microscopic examination of the H&E-stained glass slides and to, once again, select the most appropriate dysplasia diagnostic category (negative, indefinite, LGD, HGD). However, the diagnostic results of the 12 additional cases were not used in the analysis of the results.
Statistics. The Kappa statistics method was used to assess interobserver and intraobserver variability separately based on the analysis of the digitalized images or by the microscopic slides among the seven reviewing pathologists. The results were compared between the two methods using the z test. The Kappa statistics was also used to assess interobserver variability between the digitalized images and microscopic slides separately for each of the four reviewing pathologists. In addition, multiple different categorizations of the dysplasia grade were analyzed. (15) . The results of the Kappa analysis are summarized as the Kappa value, 95% confidence interval, and the P-value from the z test, which determines whether agreement is better than that which is expected by chance alone. Individual Kappas indicate agreement within individual diagnostic categories, whereas the overall Kappa is a weighted average of the individual Kappa values. All analyses were conducted using SAS software (SAS Institute, Cary, NC, USA): A P-value of <0.05 was the criterion for statistical significance. Table I provides a summary of the degree of agreement in the interpretation of the cases (categorization no. i) by TP. Overall, there was a poor level of interobserver agreement (K=0.32) among the 7 reviewing pathologists after analysis of the cases by dynamic TP. The poorest level of agreement was in the indefinite (K=0.01) and low-grade dysplasia (K=0.26) categories. Negative for dysplasia and high-grade dysplasia showed a better ('fair') agreement. Grouping together several diagnostic categories (for instance, analysis of the cases by categorization nos. ii-vi; see Materials and methods) had no significant effect on the level of agreement. For instance, when the diagnostic grades of negative for dysplasia and indefinite for dysplasia were combined as a single diagnostic entity, or when LGD and HGD were combined as a single entity, the degree of agreement remained poor (K=0.33 and 0.36, respectively).
Results

Interobserver variability of analysis of digitalized images by dynamic telepathology.
Interobserver variability of microscopic slide analysis. The lower part of Table I provides a summary of the data from the microscopic slide analysis (categorization no. i). The degree of interobserver agreement in the interpretation of the microscopic slides was similar to that obtained by dynamic TP (K=0.35) (P>0.05). Similar to dynamic TP, the level of agreement was highest for the negative and HGD cases, and lowest for the indefinite and LGD cases. However, in the case of microscopic slide analysis, combining the cases of negative for dysplasia and indefinite for dysplasia into a single diagnostic category (categorization no. ii) increased the level of agreement to fair (0.40), but this was not statistically significant (P>0.05). Table II outlines the level of intraobserver agreement between the analysis of the cases by dynamic TP vs microscopic slides (categorization no. i). The overall level of intraobserver agreement was poor (K=0.50, range 0.28-0.64). However, 4 of the 7 pathologists showed 'good' agreement (4 cases with K>0.58). For 4 of the 7 pathologists, the highest level of intraobserver agreement occurred in the negative for dysplasia and HGD categories. Grouping together cases considered negative for dysplasia and indefinite for dysplasia (categorization no. ii) resulted in a slight increase in intraobserver agreement (K=0.59), but this was not statistically significant.
Intraobserver analysis of cases evaluated by dynamic telepathology vs microscopic slide analysis.
Tables III and IV provide more details regarding the diagnostic differences between dynamic TP and the microscopic slides. Table III provides the raw data regarding the  diagnostic changes and Table IV provides a summary of the changes. For instance, line 1 in Table III indicates that reviewer no. 1 diagnosed 10 cases as negative for dysplasia by dynamic TP. However, upon light microscopic review of these same 10 cases, 8 cases remained in the negative category and 2 cases were upgraded to HGD. Similarly, line 1 in Table IV summarizes the changes by this same pathologist.
For this individual, 15 of the 38 cases (39%) were changed to a different histological grade after a review of the cases by light microscopy; 6 were upgraded (48%) and 9 were downgraded (60%). Overall, 77 of the 152 (51 %) cases had a change of diagnosis; 30/77 (39%) were upgraded and 47/77 (61%) were downgraded.
Summary of difficulties reported by pathologists in evaluating cases by dynamic telepathology.
A summary of the pathologists' comments regarding the difficulties in the evaluation of the cases of dysplasia in CUC by dynamic TP are indicated in Table V . The most frequently reported difficulty was the problem of scanning large tissue fragments for the presence of areas of interest rather than assessing specific points of interest that are already marked by the pathologist seeking consultation. A similar number of comments were made regarding difficulties with depth perception and inappropriate field selection. Inadequate picture resolution of the digitalized photographs was noted as a disadvantage of TP by some, which led pathologists to have difficulties evaluating nuclear detail and various cellular degenerative changes. Other less frequent comments are also noted in this Table. Interestingly, a significantly lower degree of interobserver agreement was noted between the cases in which problems were noted, compared to cases in which no technical problems were cited (P<0.001).
Discussion
Telepathology is the practice of creating and evaluating digitalized microscopic images that are transmitted by telecommunication pathways through computer networks for the purpose of diagnosis, consultation or teaching (1) . Telepathology is rapidly gaining widespread acceptance as a viable method of providing consultation pathology services to remote sites. There are two general forms of TP imaging, termed as static and dynamic. In the static type, digitalized ONCOLOGY REPORTS 16: 1123 -1129 , 2006 Table I. Overall Kappa indices for the interobserver agreement. 
a Agreement beyond chance; poor, K<0.40; fair to good, K≥0.40-≤0.75; negative, negative for dysplasia; indefinite, indefinite for dysplasia;
LGD, low-grade dysplasia; HGD, high-grade dysplasia.
-
images of microscopic slides are obtained and transmitted to a referral telepathologist who then views them sequentially on a computerized video monitor. In contrast, dynamic TP involves viewing live video images and microscopic slides that are transmitted and visualized in real-time (1-3). There have been only a few studies that have evaluated the efficacy of dynamic-based TP, and none regarding the use of this system for the evaluation of GI biopsy specimens. Therefore, this study was performed to determine the efficacy of dynamic TP in an area of GI pathology that is known to be particularly susceptible to a high level of interobserver variability, and one in which diagnoses are often based on subtle and difficult cytological and architectural patterns of injury. For instance, in CUC, treatment considerations are Table II . Overall Kappa indices for the intraobserver agreement between the readings by dynamic TP and the microscopic slides.
-----------------------------------------------------------------------------------------------------Method
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Kappa -----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
a Agreement beyond chance; poor, K<0.40; fair to good, K≥0.40-≤0.75; excellent, K>0.75; negative, negative for dysplasia; indefinite, indefinite for dysplasia; LGD, low-grade dysplasia; HGD, high-grade dysplasia.
-----------------------------------------------------------------------------------------------------
based on the degree of dysplasia (10, 11) . High-grade dysplasia is generally an indication for a colectomy, whereas negative, indefinite and some low-grade lesions, are normally managed by either regular or increased surveillance, respectively (10) . In fact, the American College of Gastroenterology (ACG) strongly recommends that a case considered to represent CUC-related dysplasia should be confirmed by a pathologist with particular expertise in GI prior to definitive treatment. Therefore, the use of a TP system to evaluate and confirm dysplasia cases in CUC would be of great value to the general pathology community, and would serve to decrease the cost, and shorten the turn-around time, of expert consultation.
The results of this study showed that there was an overall poor degree of interobserver agreement (K=0.32) among the seven pathologists in interpreting CUC-related dysplasia cases by dynamic TP. Unfortunately, the level of agreement was not improved by grouping together several different diagnostic categories that would normally have clinical significance in terms of treatment. However, the degree of variability in the interpretation of the same cases by microscopic slide analysis was similar, and serves to reiterate the rather well-known finding that there are limitations in the interpretation of dysplasia in CUC by light microscopy. Hard objective criteria are needed in order to improve the diagnostic accuracy of this condition. This is also highlighted by the fact that our study also showed that the best levels of agreement were obtained for cases which are representative of the two extremes of the continuous spectrum of atypical changes in CUC; negative for dysplasia and high-grade dysplasia. These findings have been observed in other interobserver variability studies in the interpretation of dysplasia in CUC by microscopic slide analysis (11, 13, 17) . ONCOLOGY REPORTS 16: 1123 -1129 , 2006 Table III. Results of telepathology vs histological analysis of the microscopic slides.
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LGD, low-grade dysplasia; HGD, high-grade dysplasia. Table IV . Summary of the disagreement between telepathology and histological analysis of the microscopic slides. Table V . Summary of the pathologists' comments regarding the limitations of evaluating the digitalized photographs by dynamic telepathology photographs. 
Another important result of this study is the fact that, overall, 51% of the TP-derived diagnoses were changed after an analysis of the slides by light microscopy. Of the seven pathologists, the number of cases in which the diagnosis was changed ranged from 24% to 72%. The majority of revised diagnoses (61%) were downgraded to a lower grade of dysplasia. In fact, only two of the reviewing pathologists changed more of their diagnoses to a higher histological grade, compared to the others. The reasons for these findings are unclear. However, in general pathology practice, it is more common for CUC-associated dysplasia diagnoses to be downgraded by expert consultants. This is likely due to the lack of general awareness in the general practice community of the wide range of regenerative changes that can occur in CUC, particularly when active inflammation is present in the biopsy sample.
There has been only one other previously published study that has evaluated the degree of interobserver variability in diagnosing CUC-associated dysplasia by TP (14) . In that study, which was performed by some members of our research group, static, electronically transmitted digitalized images of dysplasia cases were evaluated independently by four dedicated GI pathologists. In that study, there was also an overall fair degree of agreement (K=0.4), with the highest levels of agreement also in the negative and high-grade dysplasia categories. In that study, variability in the interpretation of the glass slides was similar to static TP. However, in contrast to the results of this study, the static TP-based study showed a higher rate of conversion of diagnoses to a higher grade after the analysis of the microscopic slides. The reasons cited for a change of diagnosis in that study were related to limitations regarding field selection, and/or an inability to view the mucosa distant to the atypical focus, both of which are well-known limitations of the static TPbased system.
As mentioned above, of particular significance is the fact that the level of agreement achieved by a review of digitalized images by dynamic TP in this study was only slightly lower than that obtained after a review of the original glass slides by light microscopy. This suggests to us that it is not necessarily the type of technique used to observe the histological sections (i.e. TP vs microscopic slide analysis) that results in the variability in interpretation, but probably the inherent inadequacy of objective and reproducible criteria presently in use for grading dysplasia in CUC. This is a major reason why there has been a recent explosion of interest in finding new, more reproducible and objective, measures of risk of malignancy in CUC, such as aneuploidy, and the evaluation of molecular markers such as p53 (18) .
The level of interobserver agreement by analysis of the TP-based images in this study is similar to that obtained in other interobserver variability studies that were based upon the microscopic analysis of glass slides (11, 13, 16, 17) . Although the results of these other studies are difficult to compare to ours because of differences in the methods used for statistical comparisons, the levels of agreement in other studies have ranged from Kappa values of 0.29 to 0.58. For instance, in an interobserver variability study by Dixon et al that included 100 cases and four diagnostic categories (hyperplasia, reactive atypia, low-grade and high-grade), and six participating pathologists, the overall level of agreement among all the pairs of observers was considered only fair (K=0.41), with a wide range of Kappa values (13) . Therefore, we think that although our findings showed that the level of interobserver agreement in the diagnosis of dysplasia in CUC by TP is, at best, fair, and needs significant improvement, based on the criteria available at this time, we believe that the diagnostic consultation of these cases by dynamic TP is an acceptable alternative to traditional glass slide analysis. This statement is further supported by the results of other studies which have observed a high level of diagnostic accuracy with the use of either static or dynamic-based TP systems utilizing pathology material other than GI mucosal biopsies (2) (3) (4) (5) 8, (19) (20) (21) (22) . These studies have included the evaluation of inter-operative frozen sections, prostate needle biopsies, and pulmonary and neuropathology cases.
There are many advantages of the dynamic-based TP system in comparison to the static type (1-3) . Several studies have shown a higher level of diagnostic accuracy with the dynamic system in comparison to the static system (4, 23) . Furthermore, with the dynamic TP system, the consultation may serve as the TP system operator and can control, freely, all microscopic functions, including stage movements. This simulates the physical and intellectual process that ordinarily takes place in a light microscopic session, and enables the telepathologist to view all sections on all glass slides in their entirety. This serves to eliminate the problem of inappropriate field selection which is common with the static TP-based system (1,2,18). Furthermore, dynamic TP has the ability to view an unlimited number of images per case, has a much lower transmission time per image, and average time to diagnosis, compared to static-based TP systems (1). However, both types of systems have shown difficulty with regard to discerning fine cellular details, such as nuclear structure, which can make distinguishing the various grades of dysplasia in any organ system difficult. It is likely that the adequate visualization of nuclear structure may require higher video resolution, which is currently being developed in several types of virtual video-imaging systems (22, 25) .
In our study, the potential limitations of dynamic TP for assessing dysplasia in CUC were summarized by the participating pathologists (Table V) . The most common complaints were with regard to difficulty with depth perception, and difficulty in assessing large sections vs targeting directly the histological points of interest. Some pathologists also commented that the slow movement of the dynamic TP system curtailed their ability to establish a correct diagnosis in some cases. As mentioned above, poor detail of cellular changes, such as nuclear changes, apoptotic figures and mitoses, also contributed to the limitations of the dynamic TP system in this study. However, overall, the pathologists in this study had relatively few problems in using and interpreting cases by dynamic TP. Thus, it is reasonable to assume that as the technology related to TP advances with time, users will become more knowledgeable and better acquainted with the particular operating characteristics of the system and potential sources of error will likely be minimized.
In summary, this study suggests that dynamic TP-based consultation services may be used cautiously for evaluating CUC-associated dysplasia. Although the degree of interobserver variability was poor, it was comparable to that in other studies that utilized light microscopic examination of slides, and other studies that used static TP-based systems. Pathologists using this system should be aware that there is a tendency to over-diagnose dysplasia, in comparison to the results obtained by microscopic analysis of glass slides.
Better, more precise, criteria for dysplasia in CUC are needed to increase the degree of agreement among observers.
